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, , Abstract 

^~~> The system of CH3I adsorbed on submonolayer, monolayer and multilayer thin films of D2O on 

^SJ Cu(llO) has been studied by measuring the time-of-flight (TOF) distributions of the desorbing 
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CH3 fragments after photodissociation using linearly polarized A=248nm light. For multilayer 
D2O films (1-120ML), the photodissociation is dominated by neutral photodissociation via the 



gj "A-band" absorption of CH3I. The polarization and angle dependent variation in the observed 

^ 3 

Q TOF spectra of the CH3 photofragments find that dissociation is largely via the Qq excited 

Q state, but that also a contribution via the Qi excitation can be identified. The photodissociation 

^..^ results also indicate that the CH3I adsorbed on D2O forms close-packed islands at submonolayer 

pi I coverages, with a mixture of C-I bond axis orientations. For submonolayer quantities of D2O 

we have observed a contribution to CH3I photodissociation via dissociative electron attachment 

J^ (DEA) by photoelectrons. The observed DEA is consistent with delocalized photoelectrons from 

\^ the substrate causing the observed dissociation- we do not find evidence for a DEA mechanism via 



the temporary solvation of photoelectrons in localized states of the D2O ice. 
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I. INTRODUCTION 

Interest in electron and UV stimulated chemical processes on and inside icy materials 
comes from a wide variety of scientific disciplines. In planetary science and astrophysics, 
these systems have been invoked as possible routes to the formation of molecules necessary 
for the building blocks of life [lH3]. These systems are also prominent in models for the 
generation of ozone depleting species via processes that occur on stratospheric ice particles [1] . 
Enhanced stimulated desorption and dissociation of a variety of species coadsorbed with 
water ice has been recognized for several years now[5H9]. In this context, methyl iodide is an 
interesting system to study since it is created in substantial quantities in the Earth's oceans 
and is the most abundant terrestial organoiodide, playing a role in ozone chemistry and 
the formation of atmospheric aerosols pUf ITT] . Methyl iodide possesses large cross sections 
for dissociation by near-UV light as well as by low energy electrons. The dissociation and 
reaction of CII3I on D2O thin films has been studied in some detail using an external electron 
beam (energies between 180 and 210 eV)[7]. In that study, the role of the primary electron 
beam and that of low energy secondary electrons as principal mechanisms was discussed in 
detail for the observed dissociation, desorption and chemical reaction pathways. The overall 
cross section for CH3I decomposition was found to be comparable to gas phase values for 
the electron energies used. A more recent study[;9J utilizing TPD, UPS and XPS as a probe 
of CH3l/D20/Cu(lll) photochemistry using near-UV photon irradiation from an Hg lamp 
source (having large photon intensities near 250nm and also at 290-330nm) reported evidence 
for a significantly enhanced dissociation of CII3I. The enhanced dissociation was ascribed 
to a facile electron transfer from electrons solvated at the ice surface, the ice being an 
important intermediate by efficiently capturing photoelectrons emitted from the underlying 



metal substrate. 

Details of the temporary capture of photoelectrons by thin ice films on metals has recently 
emerged from femtosecond two-photon photoemission experiments. These works have shown 
that for thin water films on metal surfaces, a short-lived surface solvated electron state exists. 
In the case of D20/Cu(lll) the solvated electron state is found at an energy of ~2.9eV above 
the Fermi level|12j. although the energies shift as a function of substrate, ice structure and 
time- these states can decay over timescales ranging from a few hundred femtoseconds to 
minutes [13]. 

These surface solvated electrons are attractive as a mechanism for dissociation of a va- 
riety of halocarbon species, as many members of this class of molecules possess substantial 
dissociative electron attachment (DEA) cross sections for low energy electrons. That tran- 
sient surface bound photoelectrons can cause DEA of coadsorbed halomethanes was recently 
demonstrated in our laboratory [14j, though in this case the electrons were in delocalized im- 
age states, while the solvated surface electrons on D2O ices are in localized states. 

Methyl iodide is known to have a very large DEA cross section for low energy electrons- 
both from gas phase studies [12] and also from low energy electron beam studies for CH3I in 
the adsorbed state [16]. Although the vibrational Feshbach resonance responsible for part of 
the extremely large gas-phase DEA cross section at low energies is quenched for adsorbed 
CH3I, the DEA cross section for CH3I adsorbed on lOML of Kr {a = 6.8 x 10"^'' cm^) [16] at 
low energies exceeds that for adsorbed CHaBr (a = 3.0 x 10^^^ cm"^) \X7l- However, external 
electron beams are restricted to incident energies above the vacuum level, while cross sections 
in the adsorbed state for these molecules are likely largest for electron energies between the 
Fermi and vacuum levels, due to the downward shift of the affinity level from the molecule's 
polarization interactions with the surface region. This range of electron energies can be 



accessed by generating photoelectrons from the metal using near UV light. In this way, 
a broad energetic range of photoelectrons is created [IH], and those electrons that migrate 
to the surface region and have the requisite energy can then interact with the adsorbed 
species. The ability to modify the nascent photoelectron distribution by adsorption of 
various molecular thin films is an attractive prospect, particularly in studies of coadsorbates 
possessing electron affinity levels in this energy region. 

Gas-phase methyl iodide also has a large cross section for photodissociation in the near- 
UV photon energies- the "A-band" absorption extends roughly from 220nm to 300nm, with 
a peak cross section of 1.2 x 10~^^cm^ at 258nm[T9]. Neutral photodissociation of CH3I 
has been studied extensively in the gas-phase [20] as well as a variety of surface contexts [211- 
21]. Absorption of photons in the A-band can lead to prompt scission of the C-1 bond. 
Due to the rather large spin-orbit coupling in Iodine, there is a substantial difference in 
energy (AE=0.943eV^) between ground state iodine (CHsI-^CHs + ^^Pg/a)) and elec- 
tronically excited iodine (CH3I— t-CHs + I*(^Pi/2)), leading to differences in the translational 
energy partitioned to the CH3 moeity in the two different pathways. Detailed studies of gas- 
phase photodissociation found that the A-band is composed of overlapping Franck-Condon 
transitions to three excited states, labeled (in MuUiken's notation) ^Qi, ^Qo and ^Qi in 
order of increasing energy. The transition X — ^Qq dominates the A-band absorption and 
the transition moment for this excitation is parallel to the C-I bond axis. The transitions 
X — ^Qi (lower energy) and X — ^Qi (higher energy) are weaker and have transition mo- 
ments perpendicular to the C-I bond axis. A complication in the analysis of A-band CII3I 
photodissociation is the presence of a curve crossing just beyond the Frank-Condon region, 
between the ^Qq and ^Qi states. A substantial fraction of the molecules photoexcited to 
the ^Qo state can 'hop' to the ^Qi surface due to the effects of spin-orbit coupling of I and 



symmetry breaking for the CH3I on the ^Qo potential energy surface [25] . The result is that 
even for molecules excited exclusively to the ^Qo state, which asymptotically corresponds to 
the I*(^Pi/2) pathway, dissociation can also proceed via the I(^P3/2) pathway. Experiments 
in the gas-phase or from adsorbed CH3I find varying proportions of dissociating molecules 
following the I and 1* paths. In favourable circumstances, photodissociation experiments on 
CH3I that is adsorbed on surfaces with a fixed orientation can utilize the vector nature of 
the A-band absorptions in order to untangle the dynamics [25]. 

II. EXPERIMENTAL DETAILS 

The experiments were performed in an ultra-high vacuum system that has been described 
previously [23]. The Cu(llO) single crystal sample is cooled by liquid nitrogen (base tem- 
perature 90K) and can be heated by electron bombardment to 920K for cleaning. Sample 
cleanliness and order were monitored by Auger electron spectroscopy and low energy elec- 
tron diffraction measurements respectively. Neutral products from surface photodissociation 
travel 185mm to pass through a 4mm diameter aperture to a differentially pumped Extrel 
quadrupole mass spectrometer with an axial electron bombardment ionizer. The sample to 
ionizer distance is 203mm. Ions created in the ionizer then travel through the quadrupole 
region and are mass selected, in the present experiments using m/q=15amu. Ion arrivals are 
recorded using a multichannel scaler that begins counting 50/is prior to the initiating laser 
pulse, and the counts from multiple laser pulses are summed. All of the spectra shown in 
the present work are the result of summing data from 1000 laser pulses into 1000 1/is time 
bins. 

The laser pulses (~5ns duration) are produced by a small excimer laser (MPB PSX-100) 
operating at 20Hz. Linearly polarized light has been used exclusively in this work. To create 



polarized light, the beam passes through a birefringent MgF2 crystal to separate p- and s- 
polarized components, which can then be directed at the sample. Unless otherwise stated, 
p-polarized laser pulses were used in the present study. The s-polarized light was derived 
from the p-polarized beam by inserting an antirefiection coated zero order half waveplate into 
the beam, which preserved the laser alignment on the sample with minimal absorption and 
reflection losses. In this work 248nm (KrF) laser light was used, with laser fiuences on the 
sample of ~ 0.8mJ/cm^ per pulse. The laser pulses were coUimated using a 6mm diameter 
aperture and were unfocussed on the sample. The laser light is incident upon the sample 
at a fixed angle of 45° from the mass spectrometer axis- for example, when the Cu(llO) 
sample is oriented to collect desorption fragments along the surface normal direction, the 
light is incident at 45°. 

For these experiments a microcapillary array directed doser has been added to the UHV 
system, following the design of Fisher and Meserole [26] . Deposition of molecular films is 
done with the sample held normal to the doser, 25mm away. This was found to enhance the 
deposition by a factor of 10 compared to background dosing. The CH3I used in this work 
(Aldrich 99.5%) was transferred via a glass and teflon gas-handling system and degassed 
by freeze/pump/thaw cycles. The D2O (Aldrich, 99.9 atom % D) used in this work was 
degassed by multiple freeze/pump/thaw cycles and was contained in a pyrex vial a few cm 
from the precision leak valve used to admit gases to the directed doser. The CH3I dosing 
was calibrated by observation of the photochemical behaviour of CH3l/Cu(110)-I, in which 
a pronounced change in photochemical activity is observed at the transition from the first to 
second monolayer of CH3I. In this case, 0.93±0.02L CH3I was found to correspond to l.OML 
for that substrate. In the present case of adsorption of CH3I on D2O thin films in which the 
surface structure is less well characterized and no distinct TPD or photochemical signatures 



define what dose corresponds to monolayer CH3I, we report CH3I doses in terms of effective 
monolayers based on this calibration (1.0ML=0.93L). For D2O we determined an effective 
monolayer calibration based on findings from TPD and titration of CCI4 on top of varying 
D2O films, which formed atomic chlorine on the metal surface after warming to desorb the 
molecular layers. From this we found 1.0ML=0.30L for D2O, with somewhat larger errors 
bars than was the case for CH3I. 

III. OBSERVATIONS AND DISCUSSION 

In the thin film experiments reported here (D2O doses up to 120ML), the D2O was 
adsorbed on the Cu(llO) substrate at 90K. Under the deposition conditions of our system, 
we believe that all of the multilayer D2O thin films were low porosity amorphous solid water 
(ASW) [27] [28] . Adsorption of CH3I on top of D2O/Cu(110) was studied using temperature 
programmed desorption, which identified two CH3I desorption features. Our TPD findings 
are in accord with those of Perry et al. [7] who studied CH3I on D2O/Ru(0001). At low 
doses an adsorbed CH3I species that desorbs at ~125K for ^0.33ML CH3I (the a state) is 
present. As the CH3I dose is increased, a higher desorption temperature (~135K) feature 
begins to grow (the (3 state), and this gradually becomes the dominant feature and is the 
only TPD feature present above l.OML CH3I dose. 

The photon energy used in the present work (/iz/=5.0eV) is less than the bandgap energy 
of 7.5eV for water ice[29] so the thin D2O layers used are essentially transparent to the laser 
light. This photon energy is larger than the work function of clean Cu(llO) (<l>=4.48eV)|30j 
so we anticipate the formation of both free and bound (hot) photoelectrons in the surface 
region. Time-of-fiight data from 0.33ML CH3I on multilayer (15ML) D2O thin films is shown 
in Fig. [Tj These spectra are obtained with the QMS detector in the surface normal direction 



(6=0°) with the hght incident at 45° to the normaL Using p-polarized hght (lower trace), 
two fast peaks (flight times of 43/is and 53/is respectively) are evident, plus a substantial 
"tail" of slower CH3 photodissociation products extending to ~250/is flight time. The 
two fast photodissociation peaks correspond to neutral photodissociation via the I(^P3/2) 
and I*(^-Pi/2) pathways respectively. The spectrum obtained using s-polarized light (upper 
trace in Fig. II]) exhibits a single fast onset peak at 43/is plus a substantial tail of slower 
CH3, extending to ~250yus flight times. Both the p- and s-polarization TOF spectra can 
be understood on the basis of neutral photodissociation of the CH3I and the experimental 
geometry used for the data of Fig. [ij As discussed in the introduction, at A=248nm CH3I 
can dissociate via the ^Qq excited state with large cross section, however this requires a 
component of the incident light polarization to be coincident with the CH3I molecular axis. 
Prompt scission of the C-I bond in this case will lead to dissociation via both the I and 
I* pathways. Molecules oriented with the CH3 moiety pointing normal to the surface can 
efficiently absorb p-polarized light to reach the ^Qq excited state and follow this pathway, 
with the CH3 photofragments directed toward the QMS detector. Incident s-polarized light 
can also be absorbed to reach the ^Qo state, but these molecules will not be pointing the C-I 
bond axis in the surface normal direction, rather these CH3 fragments will be directed closer 
to the surface plane. Scattering of these CH3 photofragments can result in particles travelling 
toward the QMS detector, though with a degraded translational energy distribution. A 
secondary pathway for photodissociation via excitation to the ^Qi excited state (utilizing 
light polarized perpendicular to the molecular axis) can also lead to fast dissociation for 
CII3I pointing the CH3 moiety in the surface normal direction for s-polarized light, but 
the cross section for this excitation is likely ~8x smaller than the ^Qo cross section at this 
wavelength |23j. A portion of the fast onset peak at 43/is flight time in the s-polarized TOF 



spectrum of Fig. o] (upper trace) is due to excitation via the ^Qi pathway. In the present 
case, it appears that the incident s-polarized hght leads to significant contributions from both 
the ^Qi and the ^Qo excitations for molecules at various orientations with respect to the 
surface normal. Likewise for the p-polarization, the TOF spectrum in Fig. [T] (lower trace) 
displays a large inelastic 'tail' that indicates many of the dissociating molecules produce CH3 
photofragments that suffer inelastic collisions before being detected. For either polarization 
of light, the majority of the CH3 fragments detected in the surface normal direction are 
scattered inelastically, with flight times extending to ~250/is and the peaks due to elastic 
CH3 escaping the surface are superimposed on this substantial background. 

The photodissociation of varying amounts of CH3I on 15ML D2O thin films is shown 
in Fig. [2j The overall yield of CH3 photofragments increases linearly with CH3I dose up 
to l.OML, and the overall TOF spectrum distribution does not change significantly with 
CH3I dose. The lowest CH3I dose shown in Fig. [2] (0.22ML, upper trace) corresponds to 
the a state identified in the TPD data. Higher doses of CH3I in which both the a and 
/3 adsorption states are populated (0.5ML, middle trace), or predominantly the (3 state 
(l.OML, bottom trace) produce TOF spectra that have higher intensity but essentially the 
same profile with no new dynamical channels visible in the data and having the same shape 
of inelastic "tail" in the TOF spectra. It is also significant that the CH3 photodissociation 
yields in Fig. [2]are essentially the same whether a Cu(llO) or the iodized Cu(110)-I substrate 
is used. The use of the c(2x2) Cu(110)-I substrate is known to suppress photoelectron 
emission, including the subvacuum level 'hot' photoelectrons that are likely most efficient 
for DEA of the adsorbed CII3I. The same observations have been made using a chlorinated 
Cu(110)-Cl substrate (data not shown). The observations from the data of Fig. [2] show that 
for D2O multilayers, dissociation of the CII3I on D2O is not significantly aided by either 



free photoelectrons or photoelectrons that are solvated at the ice surface and that all of 
the observed photodissociation is a consequence of neutral photodissociation via A-band 
pathways. 

The yield of CH3 photodissociation products in the surface normal direction for a fixed 
amount of CH3I on varying doses of D2O/Cu(110) is shown in Fig. [3] The photodissociation 
yields were extracted from TOF spectra between 35/is and 230/is, and correction was made 
for the differing ionization probabilities of CH3 fragments having differing speeds in the 
QMS ionizer. Prior to the completion of the first D2O layer, the yield of CH3 photodisso- 
ciation products is smaller and is consistent with earlier findings that CH3I in contact with 
the Cu(llO) substrate has its neutral photodissociation substantially quenched. The CH3 
photodissociation yield grows rapidly as the D2O completes coverage of the copper surface, 
and then essentially constant CH3 photodissociation yield is observed for thicker D2O films 
(doses up to 120ML D2O were studied). The dynamics of the photodissociation process are 
observed to shift as the amount of D2O is varied- Fig. |4] shows a sequence of TOF spectra 
obtained from 0.33ML of CH3I on OML to 15ML D2O thin films. The spectra obtained for 
D2O films in excess of l.OML thick are dominated by neutral photodissociation, and the 
TOF profiles are become essentially unchanging after 5ML D2O coverage. For D2O cov- 
erages below l.OML, we do observe contributions from both neutral photodissociation and 
also from a photodissociation pathway that is consistent with the DEA mechanism. More 
detailed TOF spectra for 0.33ML CH3I with submonolayer D2O coverages are shown in Fig. 
[5) The spectra of Fig. |5] show a TOF feature centered near 80/is flight time and which ini- 
tially grows as the D2O coverage is increased. This feature is consistent with other studies 
which observed DEA for adsorbed CH3I and is not observed when a Cu(110)-I substrate is 
used. Also present in the same spectra of Fig. [s] is a broad slow peak (between 250/is and 
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850/is flight times)- this is ascribed to the photodesorption of intact CH3I molecules from 
the surface via an electron stimulated mechanism[3Tl |H2]- These photodesorbed molecules 
are detected due to dissociation of the CH3I in the QMS ionizer. The observation of the 
photodesorption feature can be used as a guide as to the absence or presence of significant 
quantities of photoelectrons that attach to the CH3I molecules. In this way, we observe 
that the maximum photodesorption yield occurs for roughly 0.7ML D2O (insensitive to the 
amount of CH3I dosed subsequently), and diminishes when more D2O is present. The DEA 
features reach a peak intensity for submonolayer amounts of preadsorbed D2O, consistent 
with the peak photodesorption yield and is not discernable in the TOP spectra obtained 
using D2O coverages of l.OML or greater (e.g. in Fig. [2]). To illustrate this. Fig. [6] shows 
a comparison between TOF spectra obtained from 0.33ML CH3I on l.OML D2O dosed on 
top of a clean Cu(llO) substrate and on an iodized Cu(110)-I substrate. The DEA feature 
seen at lower D2O coverages on the Cu(llO) substrate is not visible in the top trace of Fig. 
|6] A difference spectrum (bottom trace in Fig. |6]) between TOF spectrum from that on a 
Cu(llO) substrate and from a Cu(110)-1 substrate shows negative-going peaks at 43/is and 
53/is, indicative of somewhat more intensity in the CH3I ^Qo dissociation pathways for the 
Cu(110)-I case, while a slight excess from 65/is to 100/is indicates a small contribution from 
DEA of CH3I on l.OML D2O on Cu(llO). These findings demonstrate that DEA is at most a 
minor pathway for CH3I photodissociation at l.OML and we find that this diminishes further 
for higher D2O coverages. The photodesorption feature centered at 450/is fiight time is still 
observable in the spectrum of Fig. [6] from the Cu(llO) substrate but not on the Cu(110)-I 
substrate. These observations point to the smaller infiuence of photoelectrons on the CH3I 
dissociation and photodesorption when the D2O film thickness exceeds l.OML. 

Measurement of the angular distribution of CH3 photodissociation products finds that the 
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maximuiii intensity is in the surface normal direction, and decreases slowly with increasing 
angle away from the surface normal. For example, in the system of 0.33ML CH3I adsorbed 
on 15ML D2O/Cu(110), a fit to the angular yield of CH3 photodissociation products using 
a fitting function of the form oc (cos^)^ finds A^ = 1.9 ± 0.2. However the TOF spectra 
distributions are observed to change significantly as a function of angle, as can be seen in 
Fig. [7| which was obtained using p-polarized light for 0.33ML CH3I on 15ML D2O. As the 
angle from the surface normal is increased, the proportion of the CH3 TOF spectrum in the 
inelastic "tail" of the spectrum diminishes. Comparison of the data obtained at ^ = 30° 
with that at 6* = 60° is particularly salient, as in both cases, the incident angle of the p- 
polarized laser light is 15° from the surface normal (due to the fixed 45° angle between the 
laser and TOF QMS axis). In these spectra it is clear that there is a lower proportion of 
the inelastically scattered CH3 photofragments in the TOF spectrum obtained at 9 = 60°. 

Angular distributions obtained from l.OML CH3I on 15ML D2O/Cu(110) show the same 
basic features as for the submonolayer CH3I case. Figure [8] compares TOF spectra obtained 
at 6* = 0° (surface normal) and 6 = 60° obtained using p-polarized (lower spectra) and s- 
polarized (upper spectra) light. For both light polarizations, the magnitude of the inelastic 
tail in the TOF spectra diminishes as the angle is increased away from the surface normal. 
In the s-polarized data it can be seen that in addition to the fast onset peak at 43/is 
(corresponding to dissociation via the CH3 + I(^P3/2) pathway), a small excess in signal is 
visible at 53 fis. This observation supports the hypothesis that in addition to dissociation via 
the ^Qi excited state, s-polarized light also leads to dissociation via the ^Qo excitation, and 
that a substantial portion of CII3 photofragments from this pathway are scattered toward 
the QMS detector. 

By observing the diminution of the CII3 photoyield as a function of the photon flux 
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(assumed to reflect depletion of the adsorbed CH3I), we find the depletion cross section 
to be a = 4 X IQ-^^cm^ for 0.33ML CH3I on 15ML D2O/Cu(110) using p-polarized light. 
This cross section is comparable to that of the gas-phase absorption cross section at 248nm 
of about 8.5 x 10~^^cm^[T9], and so is also consistent with the identified mechanism of 
neutral photodissociation|33] . The measured depletion cross sections are somewhat higher 
for monolayer and submonolayer coverages of D2O, for example in the case of 0.33ML CH3I 
adsorbed on l.OML D2O/Cu(110) we measure the depletion cross section to be roughly twice 
that found for CH3I on 5ML D2O. The proportions of this increased depletion cross section 
that can be ascribed to neutral photodissociation, DEA and the observed photodesorption 
processes are unknown, as we do not know the relative ionization efficiencies for the CH3 
and CH3I that lead to CH^ in our QMS detector. 

IV. ADDITIONAL DISCUSSION 

The TPD results for CH3I adsorbed on D2O multilayer films found evidence for two des- 
orption features- the a state at low coverage (exclusive up to ~0.3ML) and the (3 state at 
higher coverages. The data from photodissociation at varying CH3I coverages (e.g. com- 
parisons between Figs. [2| [7| |8]) found no appreciable differences in the TOF spectra, aside 
from increased CH3 yield at higher CH3I coverage. This would indicate that the structure 
of the adsorbed submonolayer CH3I is essentially the same as that for the complete mono- 
layer coverages. This observation is consistent with the model proposed in an earlier study 
of this system[^, as well as findings from another halogenated species, CCI4, adsorbed on 
water [3HI3S]. In this model, at low coverages the CH3I is adsorbed on D2O to form islands, 
and the associated a desorption feature in the TPD data is due to CH3I monomers leaving 
the island edge before desorbing. At higher coverage, monomer desorption is no longer pos- 
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sible, resulting in the (3 desorption feature from close-packed molecules that occurs at ~10K 
higher temperature. 

One surprising feature of the photodissociation findings is that the CH3 photofragment 
yields from p- and s-polarized light data are similar in intensity (e.g. Fig. [I]). As discussed 
above, this is apparently due to the substantial amount of inelastic scattering from CH3I 
chromophores not oriented with the CH3 moiety toward detector but which result in CH3 
exiting in the surface normal direction. It is difficult to extract the component TOF profiles 
from the spectra as the form of the inelastic profile is not known and resultant fits are 
highly dependent upon the functions chosen. Nonetheless, it can be seen in the TOF spectra 
obtained at different angles (see Figs. [T] and Isl) that the largest difference between these 
spectra is the magnitude of the contribution from the inelastic tail- the magnitudes of the 
visible elastic peaks for the p-polarization appear to be similar at 6* = 0° and 6 = 60°. It 
is an open question as to how the structure of the CH3I adsorbed on D2O ice leads to the 
observed profiles, but it seems likely that due to the CH3I dipole moment (and the dipolar 
nature of the ice I/i(0001) surface [3B] ) that there is some degree of antiferroelectric ordering 
in the CH3I adlayers. Hence one would expect a similar number of CH3I oriented with CH3 
end "up" and "down" . The photodissociation of downward pointing CII3 could be a route 
to the generation of the observed substantial quantities of inelastic CII3 photofragments. 
That a similar intensity of elastic CH3 is observed in the surface normal direction as at 
6 = 60° also indicates that there is a wide range of initial polar angle orientations present in 
this system, although we cannot observe how these are distributed azimuthally (our QMS 
detector lies in the Cu(llO) [110] azimuth). 

One motivation for the present work was a recent study of a similar system (CH3I on 
D20/Cu(lll)) which had identified a significantly enhanced photodissociation cross section 
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for CH3I diminution, and which was ascribed to DEA via photoelectrons solvated on the 
ice surfacej^. The coverages of D2O and CH3I used in that study were reported as about 
2.5ML for D2O and somewhat more than IML for CH3I. That study did not observe the 
dynamics of the dissociated CH3I directly as the UV source used was a continuous emission 
Hg lamp, but inferred the mechanism by observation of changes to the 8^5/2 I XPS features 
and associated TPD results. The UV irradiance from an Hg lamp consists mainly of an 
intense band near 250nm (similar to the wavelength of the present study) and also a broader 
band at 290-330nm. In the present work, the CH3 photofragment TOF distributions clearly 
indicate that at A=248nm, the primary mechanism for photodissociation of surface CH3I 
species on the D2O thin films greater than l.OML thick is via neutral photodissociation. 
For D2O submonolayer films, a DEA mechanism is identified but this does not dominate 
dissociation or lead to unusually large depletion cross sections for the coadsorbed CH3I. It 
is possible that the DEA mechanism is of larger significance for CH3I adsorbed inside the 
D2O ice films and for which photodissociation does not produce fast CH3 photofragments, 
but our TPD results (in agreement with Perry et al. [7j) find that only a small quantity of 
CH3I appears to desorb coincident with D2O sublimation during TPD at 175K. Under the 
present experimental conditions, the CII3I dosed on top of the D2O thin films seems to be 
predominantly a surface species. 

Our observations of the dynamics from photodissociation of CH3l/D2O/Cu(110) find that 
DEA is only a significant factor for D2O coverages below l.OML. Although it is difficult to 
untangle the contributions to photodissociation from the neutral processes and DEA, it is 
clear from the data of Fig. [5] that the broad DEA translational energy distributions are more 
characteristic of a broad range of incident electron energies (characteristic of the broad energy 
range of hot photoelectrons created in the metal[TH]) and not from a monoenergetic electron 
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source [H] that would be characteristic of electron transfer from an energetically well defined 
intermediate, such as solvated electrons on the D2O surface. The CH3 photodissociation 
results in the present work do not seem to support the suggestion that there is a large (i.e. 
orders of magnitude) level of enhanced photodissociation due to coadsorbed D2O in this 
system. It is interesting to compare and contrast the findings in this work for CH3I with 
that of CHsBr on D2O/Cu(110), in which significantly larger yields of CH3 photodissociation 
by the DEA mechanism are apparent |3 7], though largely without the competing mechanism 
of direct photodissociation at A=248nm. The much smaller DEA photodissociation yields 
observed for CH3I as compared to CH3Br adsorbed on D2O/Cu(110) are surprising given 
that for these species adsorbed on dielectric thin films, the cross section for low energy 
DEA of CH3I is more than twice as large P^ IT7] . A possible explanation for this apparent 
discrepancy is the role of quenching. In these systems the adsorbed halomethane is in close 
proximity to the metal substrate and also potential electron traps in the D20[38j, so it is 
plausible that the CH3l^ transient anion state has a larger overlap with, and thereby more 
rapid electron transfer (autoionization) with the substrate and/or D2O than for the CHsBr" 
intermediate. 

That the yield from photodissociating CII3I is found to increase as the submonolayer D2O 
coverage increases is not surprising given that a variety of factors can lead to this observed 
behaviour. First, the neutral photodissociation of the CH3I clearly begins to make a contri- 
bution to the yield even for submonolayer D2O coverages- the spectra of Fig. |5]show the 
characteristic peaks (at 43/is and 53/is flight times) from the A-band photodissociation of 
CH3I for D2O coverages as low as 0.5ML. Secondly, the adsorption of water (D2O or II2O) 
decreases the surface workfunction- by nearly l.OeV upon completion of the monolayer for 
H2O/Cu(110)[3n]. This decrease is somewhat larger than the magnitude of workfunction 

16 



decrease due to the CH3l/Cu(110) (A$=-0.53eV for l.OML CH3l[3T]), but whatever the 
source, the decreased workfunction will play a role in increased flux of photoelectrons (both 
above and below the vacuum energy), which is known to modulate the DEA of adsorbed 
halomethane molecules ^40j. One further observation from Fig. [3] is that the photodissoci- 
ation yield from CH3I is very low for less than 0.3ML D2O on Cu(llO), and the slope of 
the yield curve is increased dramatically between 0.3ML and l.OML D2O coverage. The 
change in slope in the 0.3ML region of Fig. |3]is likely due to the changes in D2O adsorption 
structures at this coverage. For less than 0.3ML of water on Cu(llO), the adsorption is in 
the form of 1-D chains in the [001] direction (perpendicular to the Cu(llO) surface close- 
packed rows), but above this coverage, 2-D structures begin to grow|lT]. The increased yield 
that occurs above 0.3ML D2O coverage can be seen in the TOF spectra of Fig. |5] to arise 
from both DEA as well as neutral photodissociation mechanisms. The increased photodis- 
sociation probability for CH3I when the D2O coverage is above 0.3ML is almost certainly 
due to the CH3I adsorbing atop D2O clusters and not in direct contact with the Cu(llO) 
metal substrate, so that quenching is significantly reduced for the excited CH3I for both the 
photon absorption and photoelectron capture dissociation mechanisms. 
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FIG. 1: Time of flight spectra from the photodissociation of submonolayer (0.33ML) CH3I on 
15ML D2O/Cu(110) using A=248nm hght. The CH3 photofragments are collected in the surface 
normal direction, while the light is incident at 45° from normal. The spectrum from p-polarized 
light (lower trace) shows two "fast" peaks from dissociation via the ^Qo excited state of CH3I, with 
a tail of lower energy CH3 fragments to ^ 250/is flight time. 
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FIG. 2: Time of flight spectra from varying amounts of CH3I adsorbed on 15ML D2O/Cu(110) 
and D2O/Cu(110)-I. In each case, the signals from the clean and iodized Cu(llO) substrates are 
essentially identical. 
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FIG. 3: Measured yield of CH3 photofragments from dissociation of 0.33ML CH3I on varying 
amounts of D2O/Cu(110). These yields were measured in the surface normal direction. For D2O 
coverages above 3.0ML, the yield of CH3 from photodissociation is essentially constant up to the 
highest coverages studied (120ML D2O). 
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FIG. 4: Time of flight spectra showing photodissociation from 0.33ML CH3I adsorbed on varying 
thickness films of D2O on Cu(llO). The overall yield of CH3 is low until the first layer of D2O 
is completed on the surface. For thicker D2O films, the CH3 yield and TOF distribution remains 
essentially constant. 
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FIG. 5: Detail of the variation in time of flight spectra for 0.33ML CH3I coadsorbed on a range 
of submonolayer quantities of D2O on a Cu(llO) substrate. A feature due to dissociative electron 
attachment by photoelectrons is observed near 80 fis flight time (dashed line), and a feature due to 
photodesorption of intact CH3I molecules is visible between 250/is and 850;us flight times. 
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FIG. 6: Comparison of TOF spectra for the photodissociation of 0.33ML CH3I adsorbed on l.OML 
D2O on Cu(llO) (upper trace) and on Cu(110)-I (middle trace), and also showing the difference 
spectrum (bottom trace) between the two. 
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FIG. 7: Time of flight spectra for 0.33ML CH3I adsorbed on 15ML D2O/Cu(110) obtained at 
different angles from the surface normal, using p-polarized light. The proportion of the signal in 
the inelastic tail diminishes as the collection angle from normal increases. 
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FIG. 8: Time of flight spectra for l.OML CH3I adsorbed on 15ML D2O/Cu(110) obtained at ^ = 0° 
and 9 = 60° angles from the surface normal using s-polarized light (upper graphs) and p-polarized 
light (lower graphs). 
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